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Abstract 
The sulfidation behavior of novel iron oxide sorbents supported using activated-chars during desulfurization of hot 
coal gases has been studied. The sulfidation of the char-supported sorbents was investigated using a fixed-bed quartz 
reactor in the temperature range of 673K to 873K. The product gases were analyzed using a GC equipped with a TCD 
and a FPD detector. The sorbent samples before and after sulfidation were examined using SEM and XRD. 
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1. Introduction 
The development of clean coal technologies is critical to secure the energy supply and reduce the 
environmental impact of developing countries such as China who heavily relies on coal as the primary 
energy source [1-3]. Poly-generation systems have been under development in China and have been seen 
as one of the novel alternative clean coal technologies. In such poly-generation or IGCC systems, sulfur 
removal from hot coal gas is critical due to well known corrosive influence on gas turbine parts. A variety 
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of sorbents are available to remove S from hot coal gases [3]. Iron-based sorbents are becoming 
increasingly popular mainly due to their superior sulfur capacity at high temperatures and as well as the 
economy of the abundant precursor materials such as iron ore and red mud. Iron-based sorbents have 
additional advantage as they could simultaneously remove hydrogen sulfide along with unwanted nitrogen 
species from hot coal gases. Zinc-ferrite types of sorbents are the most intensely studied in the literature [4-
16]. Previous researchers have also investigated the potential of iron-calcium oxide sorbents, iron ore [15], 
red mud and others to prepare suitable high temperature sorbents. The properties of the sorbents are often 
improved by the use of additives or supports on the candidate materials. Past studies have reported the use 
of metal oxides in preparing iron, zinc and copper bearing sorbents. The iron-based sorbents appear to be 
more promising due to low cost, more abundant source of raw material, higher activity and greater capacity 
to capture sulfur. The potential iron bearing sorbents is often improved by combination of other metals 
such as Zinc [5,9-16] and Cerium [2].  However, these sorbents are mainly based on silica or alumina 
supports and requires regeneration following the sulfidation. Compared to the inert supports, char-
supported iron sorbents are promising due to none-requirement of regeneration, high reactivity and the 
potential for simultaneously capturing other impurities. 
2. Experimental 
Preparation of char-supported sorbents 
The lignite sample was crushed and dried and was sieved to obtain the size-cut of 63-112 μm. The size-
fraction coal was then washed using 0.2 N HCl aqueous solutions for 12 hours and this sample is called 
acid-washed coal sample, assigned as AW sample. The acid-washed coal was then impregnated with 
different levels of iron using Ferric nitrate solutions (Fe(NO3)3.9H2O; Sinopharm Chemical Reagent Co. 
Ltd). Low and high iron content sorbents were prepared by immersing the acid-washed coal into different 
concentration ferric nitrate aqueous solutions and stirring for overnight followed by titration with NH3.H2O 
solution during which the pH value was maintained at 10. The slurry was then filtered and washed using 
distillated and de-ionized water and was then dried in N2 at 110 qC. Such prepared coal samples were 
assigned as LF for low iron content (11.3%,wt) and HF sample for high iron content (25.3%,wt), 
respectively. The iron-impregnated coal samples were then gasified in a small fluidized-bed quartz reactor 
at 1100K for 15 minutes with 30% steam in nitrogen gas flow. The resultant char samples were then used 
for sulfidation experiments. 
Sulfidation Experiments 
Sulfidation experiments were carried out in a fixed bed quartz reactor heated in an electric furnace in 
the temperature range of 673 K to 873 K. Sorbent sample was charged into the reactor from the top in each 
sulfidation experiments.  Simulated coal gas was used with the composition as follows: 32.7% CO, 39.6% 
H2, 18.3% CO2, 4700 ppmv H2S and 470ppmv COS balanced by N2. The gas space velocity was 1000 hr-1. 
The gas flow rate was controlled using a mass flow controller and entered the quartz reactor from the top. 
The exit gases were analyzed using gas chromatographer (GC) equipped with TCD and PFD detectors.  
Characterization of Sorbents 
Surface and cross-sectional morphology of the sorbent samples before and after sulfidation experiments 
were analyzed using SEM (Hitachi FESEM 3400) and XRD (X-ray Diffractometer). Elemental mapping 
analysis using EDS was also carried out on Fe and S elements. 
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3. Results and Discussion 
H2S adsorption of char from acid-washed coal 
Fig. 1 compares the changes of H2S and COS concentration in exit gases after the simulated coal gases 
passed through the AW char bed which was produced from steam gasification the acid-washed coal. Fig. 
1a shows that the H2S concentration in the exit gas was reduced to less than 200 ppmv over the first 6 
minutes during sulfidation at 673K. When the temperature increases, the breakthrough time for H2S 
decreases, and is 4 minutes at 773 K and 2 minutes at 873 K, respectively. Fig. 1b shows that change of 
COS concentration in the exit gases during desulfurization at different temperatures. The results in Fig 1 
indicate that the chars from acid-washed coal may adsorb some H2S at high temperatures, although the 
breakthrough time was short. The adsorption of H2S by the char decreased with increasing the temperature. 
The results that the COS concentration correlates to H2S concentration during hot coal gas desulfurization 
are consistent with previous study [18]. 
   
 (a) H2S vs time               (b) COS vs time 
Figure 1. Concentration of H2S and COS in the exit gas stream after passing through the AW char bed in the quartz reactor at 
different temperatures. 
 
Fig. 2 compares the XRD spectra of original char and of that after sulfidation at two temperatures. 
There is no obvious difference in the XRD patterns between the three samples. Quartz peaks in char 
sobents are attributed to the residual silica of parent coals after acid-washing. The amorphous carbon peaks 
are obvious. Absence of any new phase suggests that sulfur adsorption in char sorbents were 
predominantly through physical adsorption or chemicophysical adsorption and the adsorption decreases as 
the temperature increases. 
 
Figure 2. Comparison of XRD spectra of AW char before and after sulfidation at two temperatures (Solid triangles: silica) 
 
Fig. 3 shows SEM images of the cross-sections of typical char sorbents before and after sulfidation at 
different temperatures. The SEM analysis indicated that chars from the steam gasification of acid-washed 
brown coal are highly porous and is therefore suitable for using as the sorbent supporters in the application 
of hot coal gas desulfurization. Sulfidation did not show any distinct modification of the physical nature of 
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the char matrix. It seems that the sulfur capture by physical adsorption takes place through highly available 
pore surfaces which is superior when activated char is used as the sorbent supporter. 
 
 
˄a˅                                     ˄b˅                             ˄c˅ 
Figure 3. SEM images of the cross-sections of typical AW chars before and after sulfidation at different temperatures. (a) AW char 
before sulfidation; (b) AW char after sulfidation at 673K. (c) AW char after sulfidation at 873K 
Sulfidation of char-supported Fe sorbents 
    
(a)                                    (b)  
Figure 4. Concentrations of H2S and COS in the exit gases after passing through Fe-impregnated LF char sorbent beds at different 
temperatures. (a) H2S concentration vs time; (b) COS concentration vs time. 
Fig. 4 compares the changes of the concentration of H2S and COS gases during sulfidation of Fe-
impregnated char sorbent with low level of Fe loading (i.e. LF chars containing 11.3% iron) at different 
temperatures. Fig. 4a clearly shows at 673 K and 773K, the H2S level in the exit gas stream during 
sulfidation was reduced to less than 100 ppmv in the first 200 minutes and 210 minutes, respectively. This 
suggests that the char-supported iron sorbent is very effective at these two temperatures for sulfur removal 
from the hot coal gases, even the iron content is rather low. However, when the sulfidation temperature is 
increased to 873K, the desulfurization efficiency is significantly lower, as shown in Fig. 4a, even though 
the H2S concentration in the exit gas may be kept at about 200ppmv for much longer period of time. Fig. 
4b shows that COS gas concentration follows the same trend of H2S while the value is much lower (about 
10% of H2S concentration), less than 20 ppmv when H2S concentration was 200ppmv level. 
During sulfidation experiments, it was found that when the iron content in the char was increased the 
sorbent performance during sulfidation was drastically improved over the temperature range studied. The 
results are given in Fig. 5. In Fig. 5a, it is shown that with the HF char sorbent containing 25.3% (wt) iron, 
the H2S level in the exit gas during sulfidation was reduced to well below 10 ppmv in the first 580 minutes 
at 673 K.  Correspondingly, the COS concentration in the exit gas was hardly detectable at 673K, as shown 
in Fig. 5b. However, when the sulfidation temperature was increased to above 773K the exit H2S 
concentration increased, as shown Fig. 5a and Fig. 5b. This suggests that the desulfurization efficiency of 
the char-supported iron sorbents decreased at temperatures higher than 773K. From Fig. 5, it can be seen 
that the desulfurization efficiency at 873K was significantly lower than that at other two temperatures. The 
mechanism may be explained using the XRD analysis. 
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(a)                                 (b)   
Figure 5. Concentrations of H2S and COS in the exit gases after passing through Fe-impregnated HF char sorbent beds at different 
temperatures. (a) H2S concentration  vs time;  (b) COS concentration vs time. 
XRD patterns in Fig. 6 demonstrated the transformation of iron species during sulfidation at different 
temperatures. Prior to sulfidation, the iron in the sorbent after char gasification with steam existed in the 
forms of Fe3O4 as the predominant constituent and elemental iron. After sulfidation, the iron was 
transformed into FeS and Fe(1-x)S, and FeS was the predominant sulfidation solid product. Thermodynamic 
study of Fe-S system in the literature [19] shows that Fe-S compound exists as Fe(1-x)S at the sulfidation 
temperature range used in this study when S/Fe mole ratio is less than 0.5. After sulfidation, when the 
sorbent was cooled down to ambient temperature, the Fe(1-x)S will be further transformed into FeS phase. 
At room temperature, FeS is the equilibrium phase. However, if the sample cooling rate was fast, the 
transformation of Fe(1-x)S  to FeS would not be complete.   Therefore,  Fe(1-x)S, and FeS co-existed in the 
sulfided sorbent samples. 
However, when the sulfidation temperature was increased to above 773K, the interaction between iron 
oxides and carbon matrix in the highly reducing gas environment would be enhanced. One of the 
possibilities was the formation of iron carbides or reduced iron and both can significantly decrease the 
reactivity of the sorbent with hydrogen sulfide during sulfidation. The existence of D-Fe was quite obvious 
in the sulfided sorbent at 873K, as indicated by the XRD pattern in Fig. 6. This suggests that sole iron 
oxides sorbent supported on activated char is suitable for sulfur removal at temperatures lower than 773K 
with high sulfidation efficiency. SEM analysis on the cross-sections of the HF sorbents before and after 
sulfidation at 673K indicated that nano-size iron particles well disperse on the pore surfaces in the chars, 
leading to the high reactivity of the sorbents. Elemental mapping analysis by EDS indicated the distribution 
of sulfur is closely associated with iron in the sulfided samples. 
 
Figure6. XRD spectra of HF sorbent before and after sulfidation at different temperatures. (Solid cross: Fe; Solid star: Fe2O3; 
Solid triangles: Fe3O4; Solid circle: Fe(1-x)S; Solid square: FeS; upper arrow: silica) 
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Conclusions 
Iron oxides sorbents supported on activated-chars had high reactivity towards H2S during sulfidation. 
The iron that existed as pure iron and iron oxides were transformed into FeS and Fe(1-x)S after sulfidation. 
The performance of the sorbents was improved significantly by increasing the iron content in the sorbents. 
The high reactivity of the char-supported iron sorbent was attributed to the highly dispersion of the nano-
iron particles on the pore surfaces. 
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